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The electric mean squared radii {r 2 )^ of A(f405) are calculated in the chiral unitary 
model. We describe the A(f405) as a dynamically generated resonance fully in the octet 
meson and octet baryon scattering. We also consider "A(1405)" as a bound state of KN. 
For the later "A(f405)," we obtain negative and larger absolute value of electric mean 
squared radius than that of ordinary baryons, which implies that A(1405) have structure 
of widely spread K~ around p. 
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1. Introduction 

The A(1405) has been considered as a quasi-bound state of anti-kaon and nu- 
cleon (KN) system for a long timef^ Recent theoretical investigations have also 
suggested that the A(1405) is well described as a dynamically generated reso- 
nance of the meso n-baryon scattering based on chiral dynamics in coupled channel 
approach.MEl 

which is called chiral unitary model (ChUM). In ChUM, the 
scattering amplitude is obtained by an algebraic equation: 

Ti,Ws) = Vljiyfi) + v ik{^)Gk{yfs)T kj {yfs), (1) 

k 

with an s-wave interaction kernel V given by the lowest order chiral perturbation 
theory, that is the Weinberg- Tomozawa interaction, and the meson-baryon loop 
function G, which are functions of the center-of-mass energy of the meson-baryon 
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system, y/s, in matrix forms of the meson-baryon channels of strangeness —1 and 
charge 0. ChUM has reproduced well the scattering cross sections of K~p to various 
channels and the mass spectrum of the A(1405) resonance below the KN threshold, 
giving two states for the A(1405) as poles of the scattering amplitu des in the complex 
energy plane, (zi = 1390- 66iMeV) and (z 2 = 1426 - 17 i MeV).EEl The A(1405) 
plays an important role for the system of kaons and nucleons, such as kanoic nuclei!^ 
Since the A(1405) is sitting below the KN threshold and it is difficult to obtain 
precise and clean information of the A(1405) in the present experiments, any the- 
oretical investigations are welcome. If the A(1405) is described by the quasi-bound 
state of the meson-baryon system with small binding energy, one expects that the 
A(1405) has a larger size than typical ground state baryons dominated by a genuine 
quark state. If this is the case, the form factor of the A(1405) falls off more rapidly 
than that of the nucleon and the production cross section of the A(1405) has large 
energy dependence. In this work, we estimate the electric mean squared radii of the 
A(1405) based on the chiral unitary model. 



2. Form Factors and Mean Squared Radii of Excited Baryons 

In this section, we discuss the formulation to evaluate the electric form factors 
and the charge radii of the A(1405). First of all, let us define the electric form 
factor of an excited baryon \H*), as a matrix element of zeroth component of the 
electromagnetic current Jg M in the Breit frame PI 

(#*|j° M |iT) = G E (Q 2 ), (2) 

with the virtual photon momentum q M and Q 2 = — q 2 . Using this definition, the 
form factor of the excited baryon can be expressed as a residue of the second rank 
pole of the MBj* MB amplitude with /i = 0: 

-zT 7 %. ~ (-tft)-^ (H* |iJ° M | H*) — ? (-i 9j ) 

V s — zu y s — z\i 

= (-i 9i )-J [«Ge(Q 2 )] ~t=~ (-%), (3) 

where zh is the pole position and gt is the coupling strength of the excited baryon 
to the meson-baryon state. When an excited baryon is dynamically generated in 
ChUM, the scattering amplitude close to the pole of the excited baryon can be 
expressed by, 

i 

- iT %j {yfs) ~ {-i gi )—= (-igj). (4) 

Combining Eqs. ((3|) and the form factor can be evaluated as a residue of the 
pole at yfs = zh as discussed in Ref. [8] 

G E (Q 2 ) = Res 



T ■ 



= Res 



G E (Q 2 



\fs - z H 



(•5) 
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Fig. 1. Diagrams for the form factor of the A(1405). The shaded ellipses represent the meson- 
baryon scattering amplitudes. 



Then we can define electric mean squared radii 

dG E 



>e as the usual form; 



-6 



rfQ 2 



(6) 



Q 2 =0 



In our approach, the amplitude 



is calculated under the assumption that 
the photon couples to the A(1405) through the photon couplings to the constituent 
meson and baryon of the A(1405). The calculation of the photon coupling should be 
performed in a gauge invariant way, since the gauge invariance guarantees to give 
the correct electric charge to the excited baryons, Ge(Q 2 = 0) = Qh- Following the 
method of the gauge invariant calculation proposed by Ref. [9l we find the relevant 
diagrams for our purpose, which have the second rank poles, as shown in Fig. [1] 
The shaded ellipses represent the meson-baryon scattering amplitude obtained 
by Eq. ([1]) and the photon couplings to the mesons and baryons are given by gauging 
the kinetic terms and the effective interaction. Calculating these three diagrams and 
summing up them, we obtain, 



1*3 ~ ~fUj 



± 1 1ij 



~f3ij ■ 



(7) 



The detailed calculation is given in Ref. [TDJ 



3. Numerical Results 

We show our result for the electric mean squared radii of the A(1405) in Table[T] As 
mentioned before, we have two A(1405) states; the lower state z\ strongly couples to 
the 7rE state, while the higher state z-i dominantly couples to the KN stateP Since 
the 7r + E~ and ir~Y, + contribute to the isospin state almost equally, the electric 
mean squared radius of the lower A(1405) state z\ is suppressed. Since we have 
evaluated the electric radii of the A(1405) at the resonant point, they are free from 



Table 1. Electric mean squared radii (r 2 )E of A(1405). Physical A(1405) is 
accompanied by the poles z\ and Z2- "A(1405)" is described as a KN bound 
state. 



State 


Pole position [MeV] 


Strongly couple to 


<r 2 ) E [fm 2 ] 


Zl 


1390 - 66 i 


ttS 


(1.8 - 0.2i) x 10" 2 


Z2 


1426 - 17 i 


KN 


-0.131 + 0.3034 


"A(1405)" 


1429 


K~p, K°n 


-2.193 
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the non-resonant meson-baryon background and are pure resonance properties. But 
the values get complex numbers, because we calculate (r 2 )^ of baryon resonant 
states with complex energies. Experimentally observables may be the ratio of the 
amplitudes T^/Tij in the real energies, which however includes the contributions 
from the non-resonant meson-baryon scattering statesP 

For the resonant states with small decay widths, it is possible to interpret the 
electric mean squared radii as the sizes, since the radii are close to real numbers. For 
this purpose, we analyze a bound state obtained by switching off the other channels 
than KN. 1 This bound state is considered to be the origin of the higher state of 
the physical A(1405), z%. We thus estimate the size of a meson-baryon resonance by 
analyzing this "A(1405)" described as a KN bound state. When we solve Eq. (JTJ 
with K~p and K°n channels, a bound state is found at 1429 MeV, and the result 
of the (r 2 )E is shown in Table [TJ The obtained (?" 2 )e has a negative sign, which is 
reflected by the charge distribution that the K~ is surrounding around the p. The 
absolute value of our result, \/ 1 (t 2 )e | — 1.48 fm, suggests that the A(1405) has a 
larger size than that of the ordinary baryons such as proton. In the end, we note 
that the mean squared radii of A(1405) decrease as the binding energies increase in 
our model, as seen in Table [T] The detailed discussions are given in Ref. [TUl 

4. Summary 

We have calculated the electric mean squared radii of A(1405) based on the meson- 
baryon picture of the A(1405) in the chiral unitary model. The evaluation of the 
electric mean squared radii have been performed in two ways: In the first approach, 
with full coupled channels for the A(1405), the mean squared radii in complex 
numbers are obtained at the poles for the physical resonance. In the second, we 
describe "A(1405)" as a bound state of KN by neglecting all the coupling of KN 
to the other channels, in order to estimate the size of the resonance. Our result 
suggests that the A(1405) have structure of widely spread K~ around p and the 
size of the A(1405) is larger than that of the ordinary baryons. 
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